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ABSTRACT
In the arid West, quaking aspen (Populus tremuloides) cover less than 10% of the
forest landscape, yet support a disproportionate diversity of native plants and animals.
When elk (Cervus elaphus) become overabundant, browsing prevents aspen regeneration,
reduces survival, and consequently impacts local biodiversity. Given this, Turnbull
National Wildlife Refuge (TNWR) initiated a limited annual elk hunt beginning in fall
2010. This study examines whether the hunt affected elk usage of the refuge and,
indirectly, aspen growth and regeneration. To determine elk movement and usage of the
refuge prior to and following the elk hunt, 34 radio-collared cow elk were monitored biweekly and during 24-hour tracking sessions from July 2010 thru April 2011. To
determine the effects of elk hunting on aspen regeneration, 5 attributes of aspen were
measured in 24 2x20m transects in aspen stands, located within and outside hunt areas.
Aspen stands were measured in spring and fall 2010, and repeated in spring and fall
2011. Bi-weekly and 24-hour elk radio-telemetry data both indicated that elk decreased
their use of TNWR and hunt areas of TNWR during the second half of the hunting season
and two months following the end of the hunting season. Elk returned to TNWR and hunt
areas three to four months after the end of the hunting season. There were no measurable
changes in aspen regeneration among the time periods measured. However, there were
fewer and taller aspen suckers (trees <2m) in the non-hunt areas of the refuge. This study
provides critical baseline data to help managers of TNWR evaluate how well hunting
meets the refuge’s management objectives.
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INTRODUCTION
Forest management in the intermountain West is a complex balance between
biological conservation, recreation, public safety, and resource extraction. Management
of quaking aspen (Populus tremuloides) exemplifies these challenges (Kaye et al. 2005).
In the arid West, quaking aspen is the only widespread deciduous tree (Peattie 1953).
Aspen cover less than 10% of the forest landscape, yet provide a highly disproportional
amount of key habitat and forage for large mammals, small mammals, and birds (DeByle
and Winokur 1985, White et al. 1998, Kaye et al. 2005). Compared to a conifer forest, a
typical aspen canopy allows more light to reach the forest floor, allowing for a rich
understory of shrubs and herbaceous species (Gruell and Loope 1974). In the Rocky
Mountain region, aspen stands are considered to be second in biodiversity only to riparian
zones, the narrow strip of land that borders bodies of water (Mitton and Grant 1996).
Aspen also serve as ecological indicators, because they are responsive to the major
ecological processes of vegetation succession, fire, and herbivory, and because aspen
stands can be easily evaluated over space and time (White et al. 1998).
In recent decades, several interrelated factors have contributed to the decline of
aspen: limited sexual reproduction (DeByle and Winokur 1985), fire suppression and
conifer encroachment, and increased ungulate browsing (Kay 1994, Romme et al. 1995,
White et al. 1998). Aspen can reproduce sexually with seed and asexually by cloning
suckers. However, in the semiarid West, aspen rarely reproduce from seed because
climate conditions for successful seedling establishment are uncommon (DeByle and
Winokur 1985). Aspen primarily propagate themselves clonally through suckers. Suckers
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resemble individual trees, but they are connected by a common root structure (Mitton and
Grant 1996).
A century of fire suppression has led to an increase in conifer encroachment (Kay
1994, Romme et al. 1995, White et al. 1998). Aspen are a fire-induced succession species
and aspen climax in areas that lack a conifer seed source (Baker 1949). Aspen are
intolerant of shade and tend to be suppressed and replaced by the dense canopy of
conifers (Baker 1949). However, when fire removes the mature trees, an aspen’s intact
root system is stimulated and vigorously produces suckers that out compete the slower
growing conifers (Baker 1949, Mitton and Grant 1996).
Many species of ungulates including cattle, sheep, deer, moose and elk browse on
aspen (DeByle and Winokur 1985). However, several studies have shown that elk
browsing is the primary factor in preventing successful aspen regeneration (Romme et al.
1995, Baker et al. 1997, YNP 1997, Kaye et al. 2005). When elk (Cervus elaphus) are
present in high densities, they are able to prevent aspen stands from regenerating by
eating new saplings and browsing the tops of suckers (White 1998, Baker et al. 1997).
Elk primarily browse on aspen in the fall and winter (Hobbs et al. 1981, DeByle and
Winokur 1985) and browsing of aspen suckers year after year prevents successful aspen
regeneration and leaves aspen suckers in a perennial shrub form (Despain 1990). Elk
reduce the vigor of mature trees by bark-stripping, leaving wounds that can become
infected with fungi (DeByle and Winokur 1985, Romme et al. 1995).
Aspen have been successfully regenerated in some cases by returning fire, building
ungulate exclosures, reintroducing predators, and reducing elk populations. Forestry
managers in the intermountain West use prescribed fires as an important habitat
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management tool to regenerate aspen stands (Loope and Gruell 1973, Romme et al.
1995). However, when elk are overabundant, aspen suckers that are stimulated by the
prescribed fire are heavily browsed and prevented from reaching tree height (>2 m.) (Kay
and Wagner 1994, Romme et al. 1995). Several studies have shown that building
exclosures by fencing around aspen stands is an effective way to prevent ungulate
browsing and encourage successful aspen regeneration (Baker et al. 1997, Albrecht
2003). However, this method is costly and impractical on a large scale. Elk populations
and impact on aspen increased since extermination of large predators. Reintroduction of
predators might reduce elk populations and increase aspen regeneration. For example
following the reintroduction of wolves in Yellowstone National Park (YNP), a potential
trophic cascade was observed , in which the risks of wolf predation led to a change in elk
browsing and resulted in successful aspen regeneration (Ripple et al. 2001, Ripple and
Beschta 2007). Mean aspen sucker height was higher in high wolf-use areas compared to
low wolf-use areas in YNP indicating that elk were avoiding areas of high wolf-use.
Additionally, elk pellet-group data indicated that elk abundance was lower in high wolfuse areas as opposed to low wolf-use areas (Ripple et al. 2001). However, the
reintroduction of wolves can result in conflict with the public and landowners and is not
feasible in more populated areas. An alternative option to encourage aspen regeneration
is using elk hunting as a management tool to disperse elk and decrease elk populations.
Elk have been shown to avoid hunters and heavily hunted areas (Altmann 1956, Martinka
1969, Wright 1983). Additionally, aspen suckers have been shown to be taller in areas
that received hunting than neighboring areas that did not (McCain et al. 2003). Hunting
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affects elk populations directly by killing elk as well as the indirectly by altering elk
behavior (White and Feller 2001, Proffitt et al. 2010).
Turnbull National Wildlife Refuge (TNWR), in eastern Washington, is facing the
issues of aspen decline and associated loss of critical habitat for biodiversity at TNWR,
with herbivores (primarily elk) and fire suppression being the main causes of aspen
decline (USFWS 2007). Managers at TNWR have used prescribed fires and thinned
conifers from aspen stands, but have had little success at regenerating aspen due to
intensive elk browsing (USFW 2007, Albrecht 2003).
Elk populations increased dramatically in the TNWR area beginning in the 1980’s,
with a population estimated between 60 and 80 elk. By 1997, the elk population in the
refuge vicinity was estimated to be between 115 and 219. The population began to
decrease due to intensive hunting around the refuge. However, by 2004 elk had been
increasingly using TNWR as a security zone and had increased to between 300-400 elk
(USFW 2007). Data collected from radio-collared elk showed that elk use TNWR
disproportionately to the surrounding area (Albrecht 2003, USFWS 2007). Other studies
have demonstrated this same pattern and documented elk moving away from hunters and
heavily hunted areas (Altmann 1956, Martinka 1969, Wright 1983). Intensive hunting
around the refuge has continued to maintain between 300-400 elk within the refuge
vicinity (USFW 2007).
The increase in elk population and disproportional use of the TNWR decreases the
effectiveness of off-refuge harvest as a management tool and will likely prevent
successful aspen regeneration. The United States Fish and Wildlife Service (USFWS) and
Washington Department of Fish and Wildlife (WDFW) made the management decision
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to allow annual elk hunting on TNWR starting in fall 2010 (USFWS 2007). This was the
first time hunting had been permitted on this refuge. The hunt was designed to both cull
and disperse the population of elk and in turn, encourage aspen regeneration on TNWR.
The hunting season overlapped the fall and winter seasons when elk primarily, and most
intensively, browse on aspen (Hobbs et al. 1981, DeByle and Winokur 1985). The hunt
mirrored the Washington Department of Fish and Wildlife elk hunt that occurred at the
same time in the area surrounding the refuge. The hunt occurred from September 7 to
December 31, 2010. The first two months of the hunting season were primarily archery
and muzzleloader and the last two months of the hunting season were modern firearm and
muzzleloader. There were 62 cow elk permits and 1 bull elk permit. Of these permits 50
of the cow permits and the bull permit were designated for the southwest hunt unit (1,651
hectares), 8 cow permits for the northeast hunt unit (540 hectares) and 4 cow permits for
the northwest hunt unit (122 hectares) (Figure 1). There were 26 non-collared elk
harvested on TNWR, 5 collared elk harvested off refuge, and 3 collared elk died of
natural causes.
The objectives of my research were to determine if the initiation of elk hunt on
TNWR was an effective way to disperse elk off the refuge and encourage aspen
regeneration. My study asks two questions: 1) Does hunting affect elk movement and
usage of the refuge? 2) How does the reduction in numbers and possible displacement of
elk due to hunting affect aspen regeneration? I hypothesized that elk would decrease their
use of TNWR, which would result in a reduction in browsing and an increase in aspen
regeneration. My study provides critical baseline data that can be used by TNWR
managers to determine if the hunt is meeting their management objectives.
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METHODS
Study Area
TNWR encompasses approximately 6,626 hectares and is located on the edge of the
Columbia River Basin, in the Channeled Scablands region of Spokane County in
northeastern Washington (Figure 1). Floods of the last ice age carved out the Channeled
Scablands from basalt bedrock and formed seasonal wetlands and deep permanent
sloughs and potholes. The landscape is primarily composed of ponderosa pine, steppe
grasslands and scattered areas of aspen. The Channeled Scablands’ multitude of habitats
creates exceptional conditions for a diversity of flora and fauna (USFW 2007). In 1937,
President Franklin D. Roosevelt founded TNWR and identified it as an important refuge
and breeding ground for migratory birds and wildlife. Today, the refuge allows for
wildlife viewing for the adjacent town of Cheney and the 418,000 residents of the nearby
major metropolitan area of Spokane, WA (U.S. Census 2000).
TNWR is divided into a public-use and a non public-use area. The public use-area
receives frequent daily use by refuge staff and visitors. The non public-use area is only
open to refuge personnel and researchers with special permits. The difference in human
presence was identified as the primary reason elk concentrated in the non public-use area
(Albrecht 2003). To have the greatest effect on elk on the refuge, and to protect the safety
of the public, elk hunting was only permitted in the designated areas within the non
public-use area. For the purpose of elk hunting, TNWR was further divided into three
general management unit types: hunt units (2,314 hectares; no public access), no hunt
units (3,277 hectares; high public access), and reserve hunt units (1,034 hectares; low or
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no public access) that could be open to hunting in subsequent years if deemed desirable
(Figure 1).
ELK TELEMETRY
Data Collection
To determine the effects of hunting on elk movement on TNWR, I used radiotelemetry to monitor radio-collared elk. In February 2010, a helicopter affixed with net
guns was used to capture 34 cow elk from different spatial groups on TNWR. Age
estimates and a blood and fecal sample were taken and each elk was fitted with VHF
radio collars (frequencies 148-152 MHz). From July 2010 thru April 2011, radio
telemetry was used to identify the location of collared elk. I divided my tracking efforts
into five 2-month periods: pre-hunt (July – August 2010), early-hunt (September –
October 2010), late-hunt (November – December 2010), early-post (January – February
2011), and late-post (March – April 2011). Following Albrecht (2003), tracking occurred
on nonconsecutive days, twice a week, alternating between morning, afternoon, and
evening. In addition, I conducted six intensive 24-hour radio tracking sessions: two prior
to, two during, and two following the fall 2010 hunt. The 24-hour tracking sessions used
up to five sets of radio-telemetry equipment and multiple volunteers to simultaneously
track the radio-collared elk at the top of each hour for 24 consecutive hours. All elk
locations obtained from radio-telemetry were then entered into Geographic Information
System (GIS) (Figure 2-9).
Data Analysis
To quantify changes in elk movement and use of TNWR, I analyzed the elk telemetry
data as point locations and I also converted the point locations into polygons. Hawth’s
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Tools, a spatial ecology extension for GIS, was used to create minimal area convex
polygons (MCP) that contain all locations within the smallest possible area. For this
analysis, the bi-weekly tracking data were used to generate individual MCPs for each elk
with ≥3 locations for each of the 5 time periods. GIS was used to calculate the total area
of MCPs and proportion of MCPs on TNWR and in hunt areas. The telemetry data were
used to determine differences among the 5 time periods of: pre-hunt, early-hunt, latehunt, early-post hunt, and late-post hunt. There were two focal areas: locations on TNWR
and locations in hunt areas of TNWR.
I compared the mean number of bi-weekly locations on TNWR between the 5 time
periods using analysis of variance (ANOVA). For this analysis 868 locations were
obtained from the 26 elk that were not confirmed dead. I also used ANOVA to compare
the mean number of 24-hour point locations on TNWR and in hunt areas between the 5
time periods. For this analysis 782 locations were obtained from 26 elk that were not
confirmed dead.
The 24-hour data were analyzed with a paired t-test to compare the mean number of
elk locations per hour obtained during daylight hours versus nighttime hours. The mean
numbers of locations on TNWR and in hunt areas were separately analyzed to determine
differences among the six 24-hour tracking sessions. For this analysis 816 locations were
obtained from 34 elk. All 34 elk were used because for any given 24-hour tracking
session there was no difference in the number of alive elk for daytime locations versus
nighttime locations.
To compare how the MCPs changed among the time periods, three repeated measures
ANOVAs were performed, where the independent variable was time period and the
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dependent variable was proportion of MCP in each area type or total area. The first
repeated measures ANOVA compared the proportion of MCPs on TNWR across the 5
time periods. The second repeated measures ANOVA compared the proportion of MCPs
in hunt areas across the 5 time periods. The third repeated measures ANOVA compared
the total area of MCPs across the 5 time periods. For the analysis with the MCPs 907
locations were obtained from 25 elk that were confirmed alive in the late-post time
period. One elk died in the last two weeks of this time period, but there were enough
locations to generate an MCP and this elk is included in this analysis.
ASPEN REGENERATION
Data Collection
To determine the effects of elk hunting on aspen regeneration, 5 attributes of aspen
were measured in 24 randomly selected aspen stands that had aspen regeneration (aspens
trees <2 m). Eight aspen stands were in areas of the refuge where hunting is permitted,
eight stands in reserve hunt areas where hunting could be permitted in future years, and
eight stands in the portion of the refuge where hunting is not permitted. Hunt units are no
public access, reserve hunt units are low or no pubic access, and no hunt units are high
public access. A 2x20m transect was located at a randomly selected edge of each stand
where suckers were present. From the starting point, each transect ran parallel to the
edge of the stand. A six-foot metal fence post and a unique id number marked the ends of
each transect. Aspen stands were photographed and measured in spring and fall 2010 and
2011. These dates corresponded to one season of winter elk browse and one season of
aspen growth, prior to and following the 2010 elk hunt. Within each transect 5
measurements were taken: 1) aspen alive or dead, 2) number of aspen suckers (trees <2m
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tall), 3) total height of aspen suckers, 4) evidence of browse (yes/no), and 5) diameter at
breast height (DBH) of aspen and conifer trees (trees >2m tall) (Ripple et al. 2001).
Data Analysis
To determine the effect of elk hunting on aspen regeneration, a MANOVA was used
with time period measured and management unit type as the independent variables and
the four dependent variables of percent browsed, percent alive, number of aspen suckers,
and total height of aspen suckers. A multiple linear regression was used to determine the
relationship between mean height of aspen suckers and mean number of aspen suckers,
time period measured, management unit type, and elk abundance per each aspen transect.
Elk abundance was defined as the number of elk locations from the bi-weekly and 24hour tracking data that were located within 300 meters of each aspen transect. This
distance was the approximate maximum distance between transects that prevented
overlap in counting a single location for more than one transect.
RESULTS
ELK TELEMETRY
A total of 1050 locations were obtained for the 34 radio-collared cow elk for the biweekly tracking sessions from July 2010 to April 2011 (Figure 2-9). For the six 24-hour
tracking sessions a total of 816 locations was obtained for the 34 radio-collared cow elk
(Figure 3-10). Elk movement and usage of TNWR showed similar patterns for biweekly
and 24-hour tracking data for each of the 5 time periods (Figure 2-9).
The mean number of bi-weekly elk locations on TNWR was greatest during the earlyhunt and significantly decreased during the late-hunt, early-post and late-post, F4,25 =
7.35, p < 0.001 (Figure 11). The mean number of bi-weekly elk locations in hunt areas
was greatest during the pre-hunt and decreased during the early-hunt, late-hunt, and
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early-post, with significantly more locations during the pre-hunt than the early-post, F4,25
= 2.66, p = 0.047 (Figure 12).
The mean number of 24-hour locations per elk on TNWR was greatest for the earlyhunt and significantly decreased during the late-hunt and early-post, F5,25 = 8.63, p <
0.001 (Figure 13). The pre-hunt2 had more locations on TNWR than early-post, and the
late-post had more locations than the pre-hunt1, late-hunt and early-post (Figure 13). The
mean number of 24-hour locations per elk in hunt areas was greater during the late-post
than all other time periods, F5,25 = 6.75, p < 0.001 (Figure 14).
The mean number of 24-hour elk locations per hour on TNWR was not different for
the number of locations during daytime hours compared to nighttime hours, t5 = -0.0695,
p = 0.947 (Figure 15). Similarly, the mean number of 24-hour elk locations per hour in
hunt areas was not different for the number of locations during daytime hours compared
to nighttime hours, t5 = 0.40, p = 0.70 (Figure 16).
The analysis of MCPs mirrored the results of the analysis of the point locational data.
The proportion of MCPs on TNWR was significantly greater during the early-hunt than
the early-post, F4,24 = 2.73, p = 0.034 (Figure 18). The proportion of MCPs in-hunt areas
was significantly greater during the late-post than the time periods of late-hunt and earlypost, F4,24 = 3.98, p = 0.005 (Figure 19). The total area of MCPs was not different among
the time periods χ² 4,24 = 2.83, p = 0.586 (Figure 17).
Overall, the same trend was observed from the bi-weekly and 24-hour elk radiotelemetry data. Elk decreased their use of TNWR during the time periods of late-hunt and
early-post. Elk also decreased their use of hunt areas during the time periods of late-hunt
and early-post. Elk then returned to TNWR and hunt areas in the late-post. The 24-hour
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analysis indicates that the elk are not using the refuge or hunt areas differently during the
daytime or nighttime hours. These results further support the bi-weekly data that did not
include overnight tracking, and it shows that there was not a difference in usage of hunt
areas or TNWR during the overnight hours.
ASPEN REGENERATION
Based on over 6,000 aspen measurements, almost all aspen suckers were browsed
regardless of time period or management unit (Table 1, 2). The percentage of live aspen
suckers was consistently around 85% and did not differ across time periods (Table 1) and
management units (Table 2). Although the mean height of aspen suckers did not differ
between time periods (Table 1), aspen suckers were taller in the no-hunt management
units than in the hunt management units (Table 3). Similarly, there was no difference in
the number of aspen suckers across time periods (Table 1) but there were fewer aspen
suckers in no-hunt management units than in the hunt and reserve management units
(Table 2). The MANOVA indicated that there was no interaction between time period
and management unit on the dependent variables of percent browsed, percent alive,
number of aspen suckers, and total height aspen suckers (Table 3).
I used multiple linear regression to determine the relationship between mean height of
aspen suckers and mean number of aspen suckers, time period, management unit type,
and elk abundance per aspen stand. The overall regression equation is height = 81.3 +
0.29 * time period - 17.6 * hunt management unit + 7.00 * reserve management unit +
5.27 * elk abundance – 0.146 * mean number of aspen (F4,90 = 9.22 p< 0.0001; adj. R2 =
30.2%). Time period had a minimal positive effect in the equation and was not significant
(t90 = 0.150 p = 0.883). Management unit type was significant and had a positive and
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negative effect depending on the management unit type (t90 = -3.190 p = 0.002). Elk
abundance was significant and had a positive effect (t90 = 5.220 p < 0.001), which was
likely because elk abundance was a one-time measurement and reflects the shifts
observed due to the introduction of hunting. The mean number of aspen was significant
and had a negative effect on height of aspen suckers (t90 = -2.460 p = 0.016).
DISCUSSION
ELK TELEMETRY
Studying the initiation of an elk hunt to TNWR provided the unique opportunity to
observe the effects of elk hunting on an area that has not received hunting since the
refuge’s formation in 1937. Radio-telemetry results suggest that human predation caused
elk to decrease their use of hunt areas of TNWR as well as the non-hunt areas of the
refuge during the second half of hunting season, and this was maintained through the two
months following the end of the hunting season.
The general trend of elk movement on the refuge showed greater elk usage prior to
and during the first half of the hunting season. Elk did not appear to be as affected by the
first half of the hunting season compared to later in the hunt, and this is likely due to
several factors: 1) Elk in previous years used TNWR as a safety zone and increased their
use of TNWR with the start of previous off refuge hunting seasons (Albrecht 2003). I
found a similar pattern of movement as elk showed a spike in use of TNWR during the
initiation of hunting on the refuge that was greater than any other time period during this
study and was maintained through the first half of the hunting season. 2) Elk behavioral
studies suggest that elk are disturbed repeatedly during the hunting season and elk move
to different security areas until they find an area that is free of disturbance (Lyon and
Canfield 1991, Burchman et al. 1999). Sequential hunting seasons may have an additive
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effect, where as the hunting season progresses there is the potential to have the greatest
effect on elk movement (Millspaugh et al. 2000). 3) Rifle hunters cause more disturbance
to elk than archery hunters (Christensen et al. 1991) and have the greatest impact on elk
movement (Christensen et al. 1991, Millspaugh et al. 2000, Cleveland 2010). The first
half of the hunting season was primarily archery and muzzleloader hunting, with most
rifle hunting occurring in the second half of the season.
The similarities between daytime and nighttime telemetry locations during each
respective 24-hour tracking session suggested that elk avoided hunted areas at night even
though no hunting occurred during nighttime hours. Proffitt et al. (2010) observed similar
elk movement and use of hunt and non-hunt areas and suggest that elk responded to
human predation risk over weekly and monthly time scales, but did not respond over
diurnal time scales and suggest that elk continue to perceive risk associated with these
areas even during the night. The results from my study further support these results even
though elk are capable of moving throughout the study area within a few hours.
Albrecht (2003) used radio-telemetry to monitor 20 cow-elk in the greater TNWR
area. Albrecht used his elk locations to identify areas of the refuge that were low and
high-elk use areas and suggested that high-elk use areas of TNWR are primarily in the
non-public use areas of TNWR and correlates with reduced human and elk interactions
(Albrecht 2003). Albrecht (2003) found that within the high-elk use areas 80% of elk
locations were concentrated in the northern half from May through October and 70% of
elk locations where concentrated in the southern half of the high elk-use area from
November through April. This seasonal elk movement was not observed during the
course of my study and my results suggest that elk perceived a greater risk of human
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predation and shifted out of the previously identified southern high-elk use areas due to
hunting occurring in this region of TNWR.
There are several confounding factors which make it difficult to separate out the
effects of hunting on elk movement out of hunt areas and off of TNWR. Seasonal elk
movement on and off refuge is not well documented. Decreased elk use of TNWR after
the end of hunting season could be due to lasting effects of elk hunting on TNWR as well
as the end of the hunting season off refuge, when elk are able to safely move to nearby
agricultural land with supplemental livestock feed. It is well documented that elk respond
to possible predation from humans by avoiding areas with high road density and seek
areas of high vegetation cover for increased elk security during the hunting season
(Christensen et al. 1991, Millspaugh et al. 2000). Elk may have avoided areas with high
road density and found areas of TNWR that provide secure vegetation cover and
remained on refuge despite hunting pressure. In order to balance the many management
objects of a federal wildlife refuge, TNWR was divided into hunt and non-hunt areas. Elk
appeared to shift to non-hunt areas of TNWR which provided secure zones, which may
have diminished the amount of movement off refuge.
As elk shift their use off TNWR there is the potential for them to seek out alternate
forms of security and use private lands that are closed to hunting (Burcham et al. 1999,
Hebblewhite et al. 2005, Proffitt et al. 2010). Privately owned refuges limit the ability to
manage harvest levels of elk population and diminish public opportunity to hunt these
animals. There is the increased potential of landowner conflict through fence damage,
depredation, and habitat damage (Burcham et al. 1999). Areas around TNWR have
become increasingly developed around the adjacent town of Cheney, WA. Elk may be
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forced into this fragmented urban landscape. Urbanized elk populations lose their fear of
humans and become habituated (Whittaker and Knight 1998), and can lead to human
wildlife conflict through human injury and property damage (Snyder 2007).
ASPEN REGENERATION
Mean height of aspen suckers varied by management unit, where no-hunt (high public
access) units had taller aspen suckers than hunt (low or no public access) management
units. This difference was not due to hunting because hunting was also not permitted in
the reserve hunt management units and Albrecht (2003) observed the same pattern of
aspen sucker height years before the hunt was initiated. Albrecht (2003) identified areas
of low and high elk use on TNWR and found that as public access increased elk use
decreased. The taller aspen suckers in the no hunt area reflects elk avoidance of the area
prior to this year’s hunt. If elk continue to move into the no hunt area during subsequent
hunts, this might impact aspen growth.
There were no measureable changes in aspen sucker height or number of suckers
among time periods measured. This was likely due to the relatively short amount of time
between measurements. Multiple factors besides elk herbivory can affect one season’s
aspen growth, including annual snowfall, annual water, mean cloud cover, mean
temperature, and degree of flooding of seasonal wetlands. Ripple and Beschta (2007)
found that aspen suckers took 10 years to show any measurable changes in aspen growth
following the reintroduction of wolves in Yellowstone National Park. There are
similarities between herbivore behavioral responses and wolves and other predators as
well as human disturbance and hunting (Beale and Monaghan 2004, White and Feller
2001, Grigg 2007). Thus, it will likely take several years to observe measurable changes
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in aspen regeneration. This study provides baseline measurements of aspen suckers on
TNWR during the initiation of elk hunting to TNWR.
The ultimate goal of the introduction of elk hunting on TNWR was to promote aspen
regeneration to enhance biodiversity. In essence, this mimics the trophic cascade
observed in YNP, where the reintroduction of hunting by wolves and increased risks of
wolf predation led to a change in elk browsing and promoted aspen regeneration (Ripple
et al. 2001, Ripple and Beschta 2007). Human hunting of elk causes a human predation
risk (White and Feller 2001, Proffitt et al. 2010) that can lead to changes in elk browsing
(Altmann 1956, Martinka 1969, Wright 1983) which promote aspen regeneration
(McCain et al. 2003). Hunting affects elk populations by direct lethal effects as well as
the indirect nonlethal effects of increased predation risk altering elk behavior (White and
Feller 2001, Proffitt et al. 2010). Elk avoid hunters and heavily hunted areas (Altmann
1956, Martinka 1969, Wright 1983) and aspen suckers have been shown to be taller in
areas with hunting than neighboring areas without hunting (McCain et al. 2003).
Regeneration of aspen will likely enhance species richness and abundance on the refuge
and will keep with the mission of TNWR to promote biodiversity. My study provides
baseline data for the effectiveness of hunting as a management tool to promote habitat
and local biodiversity on TNWR.
MANAGEMENT IMPLICATIONS
Elk shifted use off TNWR and especially out of areas of TNWR that permitted elk
hunting. The hunt coincides with a critical time period when elk have the greatest impact
on aspen. Aspen stands showed no measurable changes in aspen regeneration, but it is
likely that it will take several years to observe an increase in aspen regeneration.
Additional management strategies may be warranted to further decrease use of elk and
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encourage aspen regeneration on TNWR. These approaches include: 1) Permitting
hunting in reserve hunt areas, 2) Increasing the duration of the hunting season, 3) Fencing
high priority aspen stands, and 4) Using biological and chemical deterrents to reduce elk
herbivory on aspen.
This study provided critical baseline data during the initiation of elk hunting to
TNWR. Long-term information on elk movement and usage of TNWR in response to
hunting and elk herbivory on TNWR will provide greater insight. Future studies could
include: 1) Continued monitoring of radio-collared elk and the permanently marked
aspen transects, 2) Examination of elk movement off TNWR relative to hunter access, 3)
Impacts on habitat off TNWR, and 4) Impact on aspen in response to shifts of elk into
public use areas of TNWR.
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TABLES
Table 1. Comparison between four time periods of mean (± SE) number of aspen suckers (<2m), height of aspen suckers (<2m),
percent of alive aspen, and percent of browsed aspen on TNWR. Variables with p < 0.05 are in bold.

Spring 2010

Fall 2010

Spring 2011

Fall 2011

Attribute

Mean ± SE

Mean ± SE

Mean ± SE

Mean ± SE

df

F

p

# Suckers (< 2m)

41.67 ± 5.14

67.42 ± 10.72

55.29 ± 6.05

56.04 ± 8.40

3

1.884

0.139

Height Suckers (< 2m)

95.74 ± 5.53

84.25 ± 5.23

88.88 ± 5.18

93.66 ± 5.25

3

0.953

0.419

% Alive

84.00 ± 2.00

88.00 ± 3.00

83.00 ± 3.00

83.00 ± 3.00

3

0.787

0.504

% Browsed

99.00 ± 0.00

96.00 ± 1.00

97.00 ± 2.00

99.00 ± 1.00

3

5.170

0.003
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Table 2. Comparison between three management units of mean (+ SE) number of aspen suckers (<2m), height of aspen suckers (<2m),
percent of alive aspen, and percent of browsed aspen on TNWR. Hunt units are no public access, reserve hunt units are low or no
pubic access, and no hunt units are high public access. Variables with p < 0.05 are in bold.

Attribute

Hunt
Mean ±
SE

No Hunt

Reserve

Mean ± SE

Mean + SE

df

F

p

# Suckers (<2m)

57.31 + 4.92

41.47 + 4.90

66.53 + 9.37

2

3.635

0.031

Height Suckers (<2m)

81.70 + 2.55

99.03 + 5.89

91.17 + 4.29

2

3.631

0.031

% Alive

86 + 2

85 + 2

82 + 3

2

0.825

0.442

% Browsed

99 + 0

98 + 1

96 + 2

2

0.910

0.407
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Table 3. MANOVA values of the independent variables of time period measured and management unit type and the dependent
variables of number of aspen suckers (<2m), height of aspen suckers (<2m), percent of alive aspen, and percent of browsed aspen.
Hunt units are no public access, reserve hunt units are low or no pubic access, and no hunt units are high public access. Variables with
p < 0.05 are in bold.

Attribute
# Suckers (<2m)
Time
Management
Time * Management

df

F

p

3
2
6

1.884
3.635
0.945

0.139
0.031
0.467

Height Suckers (<2m)
Time
Management
Time * Management

3
2
6

0.953
3.631
0.350

0.419
0.031
0.908

% Alive
Time
Management
Time * Management

3
2
6

0.787
0.825
0.452

0.504
0.442
0.842

% Browsed
Time
Management
Time* Management

3
2
6

5.170
0.910
1.300

0.003
0.407
0.265
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FIGURES

Figure 1. TNWR is divided into three general management unit types: hunt areas, no hunt
areas, and reserve hunt areas that could be open to hunting in subsequent years if deemed
necessary.
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Figure 2. All bi-weekly radio-telemetry
telemetry locations obtained from 34 radio-collared
collared cow elk from July 2010 to April 2011. A total
of 1050 locations obtained during the two month long time periods: pre
pre-hunt, early-hunt, late-hunt, early-post,
post, and late-post.
late
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Figure 3. All 24-hour radio-telemetry
telemetry locations obtained from 34 radio-collared
collared cow elk from July 2010 to April 2011. A total of
816 locations obtained during the six 24-hour
hour tracking sessions. Two tracking sessions were in the pre
pre-hunt
hunt time period and one
tracking session in the time periods of early-hunt,
unt, late
late-hunt, early-post, and late-post.
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Figure 4. Pre-hunt
hunt locations from July to August 2010, prior to hunting on TNWR. Bi
Bi-weekly
weekly tracking includes 10 tracking
sessions and 213 locations. First pre-hunt 24-hour
hour tracking session occurred on August 23
23-24
24 2010 and resulted in 138 locations.
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Figure 5. Pre-hunt
hunt locations from July to August 2010, prior to hunting on TNWR. Bi
Bi-weekly
weekly tracking includes 10 tracking
sessions and 213 locations. Second pre-hunt
hunt 24
24-hour tracking session occurred on August 31 to
o September 1 2010 and resulted
in 158 locations.
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Figure 6. Early-hunt
hunt locations from September to October 2010, primarily archer and muzzleloader hunting and one week of
modern firearm hunting. Bi-weekly
weekly tracking includes 12 tracking sessions and 308 llocations. 24-hour
hour tracking session occurred
on November 3-44 2010 and resulted in 176 locations.
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Figure 7. Late-hunt
hunt locations from November to December 2010, modern firearm and muzzleloader hunting. Bi
Bi-weekly tracking
includes 11 tracking sessions and 180
80 locations. 24
24-hour tracking session occurred on December 8-9
9 2010 and resulted in 115
locations.
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Figure 8. Early-post
post locations from January to February 2011, no hunting permitted. Bi
Bi-weekly
weekly tracking includes 15 tracking
sessions and 186 locations. 24-hour
hour tracking session occurred on February 10
10-11
11 2011 and resulted in 110 locations.
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Figure 9. Late-post
post locations from March to April 2011, no hunting permitted. Bi
Bi-weekly
weekly tracking includes 11 tracking sessions
and 163 locations. 24-hour tracking session
sion occurred on April 22
22-23 2011 and resulted in 128 locations.
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Figure 10. All 24-hour
hour locations obtained during daytime and nighttime (as defined in text).
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Figure 11. Comparison of mean ((± SE) number of bi-weekly
weekly elk locations on TNWR for
26 live elk (as defined in the text). Means with the same letters are not significantly
different.
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Figure 12. Comparison of mean ((± SE) number of bi-weekly
weekly elk locations in hunt areas
of TNWR for 26 live elk (as defined in the text). Means with the same letters are not
significantly different.
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Figure 13. Comparison of mean ((± SE)) number of locations per elk for the 24-hour
24
locations on TNWR for 26 live elk (as defined in the text). Means with the same letters
are not significantly different.
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Figure 14. Comparison of mean ((± SE)) number of locations per elk for the 24-hour
24
locations in hunt areas of TNWR for 26 live elk (as defined in the text). Means with the
same letters are not significantly different.
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Figure 15. Comparison of mean ((± SE)) number of elk locations per hour of daytime and
nighttime locations for the 24
24-hour locations on TNWR of 34 radio-collared
collared elk. Means
are not significantly different.
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Figure 16. Comparison of mean ((± SE)) number of elk locations per hour of daytime and
nighttime locations for the 24
24-hour
hour locations in hunt areas of TNWR of 34 radio-collared
radio
elk. Means are not significantly different.
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Figure 17. Comparison of mean ((± SE)) total area of MCPs from 25 live elk (as defined
in the text). Means are not significantly different.
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Figure 18. Comparison of mean ((± SE)) proportion of MCPs on TNWR from 25 live elk
(as defined in the text). Means with the same letters are not significantly different.
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Figure 19. Comparison of mean ((± SE)) proportion of MCPs in hunt areas of TNWR
from 25 live elk (as defined in the text). Means with the same letters are not significantly
different.
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